Introduction
The flora in Turkey has approximately 11.466 plant taxa. As a comparison, the European continent has approximately 12.000 (Guner et al., 2012) . Turkey also has species variety that is the gene center of several plants and there are many endemic species in different geographical regions (Tan, 1992) . In particular for the endemics, aromatic and medical values of hundreds of plant types grown in Turkey are naturally higher (Baydar, 2009 ). This is especially the case for volatile oil content in medicinal and aromatic plant groups which has a separate importance. Volatile oils (perfumes, etheric oils) and aromatic extracts are commonly used for perfume production, to enhance smell and taste, as food additives, in cleaning products, in cosmetic and drugs, and as sources of aroma chemicals or identical natural and semi-synthetic aroma chemicals for the synthesis of starting materials. Currently, there is increasing demand for volatile oils in aromatherapy applications (Weiss, 1997) .
The Lamiaceae family has generally sweet smelling one or multi perennial plants that are rarely briers and with some trees. This cosmopolite family is represented by 200 genera and approximately 3000 species. Lamiaceae (labiatate) family members that are represented by 45 genera and 546 species in Turkey are important for the pharmacology and perfumery industry due to their volatile and aromatic oils. Etheric oil is an example that is used as a spice is also grown as a decorative plant. The Phlomis taxa which has the most species of genera of the Lamiaceae family, has over 100 species all around the world. The taxa of this genus are 
Preparation of plant samples for GCMS analyses
Samples belonging to three different vegetation periods, pre-bloom, bloom, and postemergence were taken from the determined areas. Collected leaves and flower samples were transported to the laboratory after placement in paper packages and without delay or exposure to sunlight. All materials were dried. 
Determination of volatile compounds
Volatile components of Phlomis leaves and flowers were determined using a solid phase microextarction method (SPME) (Vichy et al., 2003) . For this aim, after drying the plant materials at room temperature (25 °C), two grams from each sample were bottled and heated 15 minutes in 60 °C. A proper edge injector sank to the bottom and was absorbed for 30 minutes. Compounds held to the fiber edge were injected to a GC injection block and given five minutes for desorbing. The model for the used SPME Fiber was 75UMCAR/PDMSFUSED-SILICA, Supelco, USA, PA.
Gas chromatography-mass spectrometry equipment (GC-MS, Shimadzu QP 5050, Japan) was used in order to determine volatile compounds. HP-5 MS (30 m x 0.25 mm length and 0.25 um film was used in device and helium was used as the column and carrier gas (10 psi flow rate). The temperature of the injection block was 240 C and detector temperature was 250 C.
Method for statistical data
Non-parametrical tests were used, as the ratios determined for each volatile oil compound did not meet preconditions for parametric tests. The Kruskal-Wallis test, which is a non-parametrical test, was used in determining inter-species differences. The Friedman test, a non-parametrical test, was used for determining differences in different vegetation periods. The Bonferroni-Dunn method, which is a multi-compare method, was used for determining differences between the media.
Results
Leaf and flower volatile compounds of Phlomis armeniaca, P. bourgaei, P. grandiflora var. grandiflora, P. leucophracta, Phlomis lycia, P. nissolii, P. pungens var. pungens, P. samia were determined by SPME analysis (solid-based micro extraction method). SPME analysis found 54 volatile components of Phlomis armeniaca, 62 of Phlomis bourgaei, 60 of Phlomis grandiflora var. grandiflora, 70 of Phlomis leucophracta, 62 of Phlomis lycia, 53 of Phlomis nissolii, 70 of Phlomis pungens var. pungens and 64 of Phlomis samia. These results were given in Table 2 .
(E)-2-hexenal, β-caryophyllene and germakren-D were volatile components of Phlomis armeniaca. Volatile components during the pre-bloom period were: (E)-2-hexenal (11.64%), β-caryophyllene (15.73%) and germakren D (23.45%); during the bloom period (E)-2-hexenal (12.12%), β-caryophyllene (16.63%) and germakren-D (27.22%) and during the post-emergence period were: (E)-2-hexenal (10.07%), β-caryophyllene (11.55%) and germakren-D (25.03%).
α-cubebene, β-caryophyllene and germakren-D were volatile components of P. bourgaei. Specifically: α-cubebene (15.55%), β-caryophyllene (20.80%) and germakren-D (12.41%) ratios in the pre-bloom period, α-cubebene (16.04%), β-caryophyllene (21.98%) and germakren-D (15.12%) in the bloom period; and α-cubebene (13.92%), β-caryophyllene (14.73%) and germakren-D (11.21%) in the post emergence period. 1 Volatile components of Phlomis grandiflora var. grandiflora were: α-pinene (25.97%), α-cedrene (25.92%) and α-curcumene (11.96%) in the pre-bloom period; α-pinene (26.40%), α-cedrene (28.15%) and α-curcumene (13.92%) in the bloom period; and α-pinene (18.95%), α-cedrene (19.14%) and α-curcumene (13.24%) in the postemergence period.
(E)-2-hexenal, limonene and β-caryophyllene were volatile components of P. leucophracta. Specifically in the pre-bloom period: (E)-2-hexenal (7.50%), limonene (13.64%) and β-caryophyllene (22.32%); in the bloom period (E)-2-hexenal (8.74%), limonene (14.56%) and β-caryophyllene (22.45%) and in the post emergence period (E)-2-hexenal (6.10%), limonene (10.93%) and β-caryophyllene (20.12%) were determined.
Limonene, β-caryophyllene and germacrene-D were volatile components of Phlomis lycia. Specifically limonene (13.70%), β-caryophyllene (17.63%) and germacrene-D (15.66%) in pre-bloom period; limonene (17.68%), β-caryophyllene (23.66%) and germacrene-D (21.88%) in the bloom period and also limonene (10.65%), β-caryophyllene (10.63%) and germacrene-D (11.76%) in the post-emergence period.
For Phlomis nissolii L., the volatile components were: limonene, β-caryophyllene and germacrene-D. Specifically, limonene (20.65%), β-caryophyllene (11.28%) and germacrene-D (12.27%) in the pre-bloom period; limonene (23.75%), β-caryophyllene (12.50%) and germacrene D (20.73%) in the bloom period; and limonene (16.17%), β-caryophyllene (10.37%) and germacrene D (10.44%) in the post-emergence period.
(E)-2-hexenal, vinly amyl carbinol and germacrene-D were volatile components of Phlomis pungens var. pungens. In the pre-bloom period, (E)-2-hexenal (16.87%), vinly amyl carbinol (12.85%) and germacrene-D (7.78%); in the bloom period (E)-2-hexenal (17.60%), vinly amyl carbinol (18.44%) and germacrene-D (9.84%) and in the postemergence period (E)-2-hexenal (12.68%), vinly amyl carbinol (18.60%) and germacrene-D (8.25%).
The volatile components of P. samia were α.-copaene, β-caryophyllene and germacrene-D. Specifically α-copaene (9.59%), β-caryophyllene (13.79%) and germacrene-D (21.01%) in the pre bloom period; α-copaene (10.59%), β-caryophyllene (15.20%) and germacrene-D (23.44%) in the bloom period and α-copaene (9.71%), β-caryophyllene (13.75%) and germacrene-D (18.90%) in the post-emergence period.
The differences between the medians of Phlomis species were statistically important as found by the Kruskal-Wallis test in respect to volatile components per rates for (E)-2-hexenal, α-pinene, vinly amly carbinol, limonene, α-cubebene, α-copaene, α-cedrene, β-caryophyllene, germacrene-D and α-curcumene (Table 3) .
While there was no statistically important difference between P. pungens and P. armeniaca in respect to the ordinal method for an (E)-2-hexenal compound per the multi-comparison Bonferroni-Dunn test that was applied to determine the differences between the medians, there was a statistically significant difference between P. pungens and P. bourgaei, P. grandiflora, P. leucophracta, P. lycia, P. nissolii and P. samia. There was no statistically significant difference between P. bourgaei and P. grandiflora. There was no statistically significant difference between these two species and P. lycia and P. samia. There was a statistically significant difference between P. bourgaei and P. grandiflora and P. armeniaca, P. leucophracta, P. nissolii and P. pungens.
There was a statistically significant difference between P. grandiflora and P. There was no statistically significant difference between P. pungens and P.armeniaca for vinly amly carnibol compound ratios, while there was a statistically significant difference between P. pungens and P. bourgaei, P. grandiflora, P. leucophracta, P. nissolii and P. samia. While there was no statistically significant different between P. grandiflora and P. samia. There was a statistically significant difference between P. grandiflora and P.armeniaca, P. bourgaei, P. leucophracta, P. lycia, P. nissolii and P. pungens samia.
There was no statistically significant difference between P. leucophracta, P. nissolii and P. samia for Limonene compound ratios according to the ordinal method, however there was a statistically significant difference between these three species and P. armeniaca, P. bourgaei, P. grandiflora, P. lycia, P. nissolii and P. pungens. Also there was no statistically significant difference between P. armeniaca, P. bourgaei, P. grandiflora, P. lycia, P. nissolii and P. pungens.
While there was no statistically significant difference between P. bourgaei and P. leucophracta for α-cubebene compound ratios according to the ordinal method, there was a statistically significant difference between these two species and P. armeniaca, P. grandiflora, P. lycia, P. nissolii, P. pungens and P. samia. While there was no statistically significant difference between P. grandiflora and P. nissolii, there was a statistically significant difference between these two species and P. armeniaca, P. There was a statistically significant difference between these two species and P. armeniaca, P. grandiflora, P. leucophracta, P. lycia, P. nissolii and P. pungens, however, there was no statistically significant difference between P. bourgaei and P. samia for α-cubebene compound ratios according to the ordinal method, while there was no statistically significant difference between P. armeniaca, P. leucophracta, P. lycia and P. nissolii, while there was a statistically significant difference between these species and P. bourgaei, P. grandiflora, P. pungens and P. samia. Also there was no statistically significant difference between P. grandiflora and P. pungens.
While there was no statistically significant difference between P. grandiflora and P. lycia for α-cedrene compound ratios according to the ordinal method, there was a statistically significant difference between these two species and P. armeniaca, P.bourgaei, P. leucophracta, P. nissolii, P. pungens and P. samia. There was no statistically significant difference between P. armeniaca, P.bourgaei, P. leucophracta, P. nissolii, P. pungens and P. samia.
There was no statistically significant difference between P.bourgaei, P. leucophracta and P. lycia for β-caryophyllene compound ratios according to the ordinal method, while there was a statistically significant difference between these species and P. armeniaca, P. grandiflora, P. nissolii, P. pungens and P. samia. While there was no statistically significant difference between P. grandiflora and P. pungens, there was a statistically significant difference between these two species and P. armeniaca, P.bourgaei, P. leucophracta, P. lycia, P. nissolii and P. samia
There was no statistically significant difference between, P. armeniaca and P. samia for germacrene-D compound ratios according to the ordinal method. There was a statistically significant difference between P. armeniaca and P.bourgaei, P. grandiflora, P. leucophracta, P. lycia, P. nissolii, P. pungens and P. samia. While there was no statistically significant difference between P.bourgaei and P. nissolii and P. lycia, statistically significant difference between P.bourgaei and P. nissolii and P. armeniaca, P. grandiflora, P. leucophracta, P. pungens and P. samia While there is not statistically significant difference between P. grandiflora and P. leucophracta, there was a statistically significant difference between P. grandiflora and P. armeniaca, P.bourgaei, P. lycia, P. nissolii, P. pungens and P. samia
There was a statistically significant difference between P. grandiflora and P. armeniaca, P.bourgaei, P. leucophracta, P. lycia, P. nissolii, P. pungens and P. samia for α-curcumene component ratios per the ordinal method. There was no statistically significant difference between P. armeniaca, P.bourgaei, P. leucophracta, P. lycia, P. nissolii, P. pungens and P. samia.
Differences between the essential compounds of β-caryophyllene and germacrene-D were statistically important per the Friedman test in respect to volatile components by rates. The multi comparison Bonferroni-Dunn test was applied to determine the difference between the medians and found that there was a statistically significant difference between the pre bloom period, bloom period and post-emergence period for β-caryophyllene compound ratios according to an ordinal method. There was no statistically significant difference between the pre bloom period, bloom period and postemergence period for germacrene-D component ratios according to an ordinal method (Table 4) . 35%) , (E)-β-farnesene (7.24%) and hexahydrofarnesyl aseton (6.99%). They also determined that germakren-D was the dominant distinguishing compound of P. armeniaca. The results supported our thesis. Germakren-D was determined as dominant distinguishing compound.
Sixty-two volatile components of Phlomis bourgaei were found thru SPME analysis and these components of P. bourgaei had the following ratios determined the components of P. bourgaei as germakren-D (11.3%) and β-caryophyllene (112%). β-caryophyllene and germakren-D were the main compounds. These findings support our research results. The only difference was that we determined that the α-cubebene compound was the dominant compound.
In our research α-pinene (26.40%), α-cedrene (28.15%) and α-curcumene (13.92%) were volatile components of Phlomis grandiflora var. grandiflora among 60 components as determined by SPME analysis. result supports our study. In other research, α-pinene has been found as the dominant component. Seventy volatile components of Phlomis leucophracta were determined by SPME analysis and the essential compounds were (E)-2-hexenal (8.74%), limonene (14.56%) and β-caryophyllene (22.45%). Celik et al. (2005) found β-caryophyllene (20.2%), α-pinen (19.2%) and limonene (11%) in P. leucophracta. β-caryophyllene and limonene were the volatile components. The result of this research supports our study. In other studies, (E)-2-hexenal was among the main component.
Sixty-two volatile components of Phlomis lycia were determined with SPME analysis and the main components of P. lycia were Limonene (17.68%), β-caryophyllene (23.66%) and germacrene-D (21.88%).
Fifty-three volatile components of Phlomis nissolii were determined with SPME analysis and the main components of P. nissolii were limonene (23.75%), β-caryophyllene (12.50%) and germacrene-D (20.73%) Kirimer et al. (2006) found 18 compounds thru GC/MS analysis. They found that the main components were germacrene-D (33.9%), bicycle germacrene (15.3%) and (Z)-β-farnesene (10.7%). Their results differ from our study. However, germacrene-D was found as a main component in both studies.
Seventy volatile compounds of Phlomis pungens var. pungens were determined and the main compounds were (E)-2-hexenal (17.60%), vinly amyl carbinol (18.44%) and germacrene-D (9.84%). Masoudi et al. determined 24 compounds in Iran for P. pungens var. pungens thru GC/MS analysis. The volatile components included bicycle germacrene (14.1%), α-pinen (13.5%) and (E)-β-farnese (13.5%). These results differ from our study.
A total of 64 volatile components of Phlomis samia were determined by the SPME analysis. The main components were α-copaene (10.59%), β-caryophyllene ( and β-caryophyllene (6.4%) as the main components of P. samia with GC/MS analysis. The above mentioned results support our results. Additionally, the α-copaene compound was found.
The result of Kruskal-Wallis test found; 2-butenal, n-pentenal, trans-3-penten-2-one, 3-methyl-1-butanol, n-hexanal, (E)-2-hexenal, cis-hex-2-en-1-ol, hexanol <n->, amyl methyl ketone, n-heptanal, 2,4-hexadienal, α-thujene, α-pinene, (E)-2-heptenal, sabinene, .β-phellandrene, β-pinene, amyl vinyl ketone, vinly amly carbinol, 6-methyl-5-hepten-2-one, β-myrcene, n-octanal, α-phellandrene, 2,4-heptandienal, pdichlorobenzene, α-terpinene, p-cymene, limonene, (E)-3-octen-2-one, cis-ocimene, 2 octenal, γ-terpinene, γ-terpinene, octanol, α-terpinolene, dimethylstyrene <α-para->, 2-nonanone, methyl benzoate, n-nonanal, 2-hendecanone, α-campholene aldehyde, transalloocimene, trans-2-nonenal, pinocarvone, (E)-2-nonenal, (E)-2-nonenal, n-decanal, (E)-2-decenal, α-cubebene, α-copaene, (-)-.β-elemene, sesquithujene <7-epi->, α-gurjunene, α.-cedrene, β-caryophyllene, γ.-elemene, α-bergamotene, (E)-β-farnesene, farnesol, epi-bicyclosesquiphellandrene, germacrene-D, ionone, α-curcumene, bicyclogermacrene, zingiberene, α-muurolene, β-muurolene, cedr-8-e, .γ-cadinene, δ-cadinene, β-sesquiphellandrene, (-)-caryophyllene oxide, p-menthane, 2,3-dibromo-8-
